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Agenda

• How do we formulate missions in Team X?
– Questions & Answers

• What is the Business Model of Team X?
– Questions & Answers

• What is the Study Process of Team X?
– Questions & Answers
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How do we formulate 

missions in
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Every mission starts with a spark

Mission 

Architecture

Technology 

& 

Engineering

Credible 

Cost

Science

An opportunityAn invention

A question
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…then the concept is developed

Trades Comments

Launch vehicle Atlas V Delta IV-Heavy Ares V Ares V considered acceptable only for sample 

return concepts launched post 2020.

Cruise propulsion SEP + GAs Chemical + GAs Propulsive only Good performance from Chemical+Gravity 

Assists (GAs). SEP+GAs warrants further 

consideration, but new optimized trajectory 

search is needed.

Capture into Saturn system Titan aerocapture 

(aerogravity assist)

Propulsive capture Aerogravity assist saves mass and also saves at 

least several months in pumpdown .

Pump-down mission design Enceladus/Titan 

GAs only

Multiple moon GAs 

only

Multiple moon 

propulsively-

leveraged GAs

REP+GAs Other options found to be too high delta-V or 

flight time.

RPS type MMRTG ARPS (advanced 

Stirling)

ARPS specific power higher, efficiency much 

higher (less Pu needed).  Guidelines allowed 

ARPS as acceptable and available option for 

flagship studies.

Orbiter implementation Enceladus Orbiter Low-Energy 

Enceladus Multiple-

Flyby (Saturn 

Orbiter)

High-Energy 

Enceladus Multiple-

Flyby (Saturn 

Orbiter)

Lander/Probe implementation Fly-Through 

Probes and 

Impactors

Rough Landers Soft Landers Orbi-Landers Priority placed on having in-situ measurements 

from surface.

Number of landers None One Three (regional 

distribution)

Five (larger-scale 

distribution and/or 

redundancy)

Lander lifetime/duration Short-lived (~2 

weeks on primary 

battery or fuel cell)

Long-lived (~1 year 

on RPS)

Lander mobility type Stationary Locally mobile (~10 

km)

Regionally mobile 

(~100 km)

Globally mobile Considered propulsive "hopper" type concepts 

for soft landers.

Legend:

Acceptable and 

evaluated in this 

study

Acceptable but not 

evaluated in this 

study

Unacceptable

Alternatives and Selections
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Science Goals, Enceladus Mission Science Assessment - 0-10, 10 best

1.  What is the heat source, what drives the plume 10 6 7 4 5 5 2 1 3 6 1

2.  What is the plume production rate, and does it vary 8 8 9 8 9 9 7 3 8 7 3

3.  What are the effects of the plume  on the structure and 

composition of Enceladus? 5 8 9 6 7 7 4 3 5 8 2

4.  What are the  interaction effects of the plume on the 

Saturnian system 3 7 7 7 6 6 8 7 8 7 7

5.  Does the composition and/or existence of the plume give 

us clues to the origin and evolution of the solar system 7 7 7 6 7 7 7 5 7 7 3

6.  Does the plume source environment provide the 

conditions necessary (or sufficient) to sustain biotic or pre-

biotic chemistry 5 8 8 6 7 8 6 5 7 8 3

7.  Are other similar bodies (Dione, Tethys, Rhea) also 

active, and if not, why not? 6 8 8 8 8 8 8 7 8 8 5

Value by Architecture, summed 52 55 45 49 50 42 31 46 51 24

Value by Architecture, weighted, summed, normalized 0.46 0.493 0.393 0.439 0.446 0.353 0.246 0.393 0.449 0.187

or

Idea?



© 2017 California Institute of Technology. U.S. 

Government sponsorship acknowledged.

JPL Innovation Foundry

Formulation Life Cycle Milestones

to Implementation
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CML 1: Idea Generation

Ideate 100+ ideas from a single question or topic 

Organize and rank ideas based on figures of merit
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CML 2: Initial Feasibility

Quantitatively examine an idea or set of ideas for 

both technical and programmatic feasibility using 

advanced analysis tools
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CML 3: Trade Space Exploration

Efficiently explore the value, cost, and risk trade 

space for concepts and new processes

Curiosity selfie Oct 6, 2015

Mars Helicopter

Artist rendering
Phoenix Lander

May 25, 2008
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CML 4: Point Design

Point Design at the component level, backed by 

validated, institutionally supported, integrated 

models, and staffed by the “doing” organizations
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CML 5: Baseline Concept

Point Design baseline is “frozen”, such that it is a 

stable design; and can be reviewed for technical 

and programmatic details by institutionally 

approved staff from the “doing” organizations
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The Six Dimensions of Mission 

Formulation

ScienceCost

Engineering

Strategy

Communication Implementation
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Mature Concept to be Self-Consistent 

in All Dimensions

ScienceCost

Engineering

Strategy

Communication Implementation
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Concept Maturity Level Summary

• Concepts need to be 

STRATEGICALLY matured in 

ALL dimensions of the hexagon

• Each concept team has unique 

challenges to overcome in 

different dimensions

• Independent assessment will 

identify teams’ blind spots

• Early identification of challenging 

areas will help teams focus on 

solving the right problems

1
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Concept Maturity Levels are used as a “Rosetta Stone” to understand client needs
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Questions?
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What is the Business 

Model of
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Understanding Your Concurrent 

Engineering Business Model

TYPES OF
PRODUCTS

CUSTOMER
DIVERSITY

COST PER 
STUDY

NUMBER OF
STUDIES
PER YEAR

INSTITUTIONAL 
ORGANIZATION

CORE
CAPABILITIES

BUSINESS
OPPORTUNITES TECHINICAL MODELS

IT
INFRASTRUCTURE

STAFFING 

STUDY LOGISTICS 

BUSINESS
MODEL
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JPL Concurrent Engineering

Study Teams

Four unique teams respond to study demands:

Team Xc

(CubeSats and 

SmallSats)

Team X

Instruments

Team X

A-Team (Architecture)
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JPL Concept Study Metrics
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Fiscal Year 2017 Study Metrics

123 Total Studies
61 A-Team

46 Mission

9 Instrument

7 CubeSat

21 3

33
12

6

43

3

Studies by JPL Directorate 

Strategic Initatives
Mars Program Office
Earth Science Program Office
Astrophysics Program Office
Engineering & Science
Solar System Program Office
Deep Space Network
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What does Team X Produce?

▪ Text or Powerpoint Design 
Descriptions

▪ Trajectory/Orbit Design

▪ Ground Track Maps

▪ Operations Scenarios and 
Timelines

▪ Mass/Power Estimates

▪ Subsystem Block Diagrams

▪ Parts Lists

▪ Heritage Descriptions

▪ Ground System Architecture

▪ Data Volume/Rate 
Calculations

▪ Link Budgets

▪ Radiation Analysis

▪ Instrument Design

▪ Optics Ray Tracing

▪ Animation

▪ CAD

▪ Thermal FEA

▪ Schedule Estimates

▪ ICM Cost Estimates

▪ Cost Risk S-Curves

▪ Risk Lists/Matrix

▪ Limited Trades

21
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Team X Results Are Based on …

• Method

– Stable, reliable, clear, understood, exercised

– Tailored for each stage of the formulation lifecycle

• Access to Subject Matter Experts

– Standout subject-matter experts (technical and programmatic)

– On-demand when (but only when) needed

• Facilities

– Optimized for pace and interactions of formulation 

• Smart access to prior work

– Thousands of engineered concepts, hundreds of vetted 

proposals, tens of PI-led missions already “in the can”
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Team X Subject Matter Experts

• Over 200 Team X members at JPL

• About 20 regular “SMEs”

– Each with a lead and at least 2 backups

• Each represents major subsystems 

of the spacecraft design

• Represent the “doing” orgs

• Work part-time on flight projects

• Additional experts are added as 

needed
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JPL Concurrent Engineering 

Facilities
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JPL Proposed IT Infrastructure for 

Deployment in FY18

Legacy Environment

Study Management Databases

Legend

User Interface

Integrated Modeling Environment (IME)

IME ApplicationData Model

Execution Engine

IME Execution

DM Execution Service

Server

System 

Sandboxes

System Model

Trades Model 

Registry

Model Linker

Domain-

specific

Client Common 

Resources

Services

Foundry Furnace

Prototype

v0.8-v0.9

Operational

Limited Support

Members Calendar Study ReportWork Authorization Archive

Domain Model 

Registry

Constants

Dictionary

Hardware

Catalog

Legacy Excel 

Workbooks

(Fredrik/NExSys 

retired)

(Useful as a 

reference & for 

validation)

Mission & 

Cost 

Database*
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Questions?
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What is the Study Process 

of
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What is Concurrent Engineering?

Traditional Mission Concept Method – Serial

Concurrent Engineering Approach – Parallel
Diverse specialists working in real time, in the same place, with 

shared data, to yield an integrated design
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Study Timeline

Planning (1 hour)

– Understand client’s goals and objectives

– Determine what they need vs. what they want

– Concept Maturity Levels (CML) are used as a 

“Rosetta Stone” to understand client needs

– Agree on study scope, staffing, and study cost

– Book study dates on Team X calendar

Week 1 Week 2 Week 3 Week 4 Week 5
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Study Timeline

Pre-Session (1 hour)

– Customer provides briefing to subsystem 

Subject Matter Experts

– Deliverable dates agreed upon by Study Lead 

and customer team

– Homework and action items assigned

Week 1 Week 2 Week 3 Week 4 Week 5
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Study Timeline

Design Sessions (3 hours per session)

– First Day customer provides updated briefing 

package to subsystem Subject Matter Experts

– Last Day Subject Matter Experts brief 

customer on subsystem design, risk, and cost

– Number of sessions varies depending on the 

study and products required

• Typically two or three 3-hour sessions

Week 1 Week 2 Week 3 Week 4 Week 5
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Study Timeline

Post-Session

– Subsystem input deadline

• In-session comments: end of last session

• Full report: ~1 week after last session

Week 1 Week 2 Week 3 Week 4 Week 5
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Study Timeline

Study Close-out

– System Engineer & Deputy System Engineer 

compile draft report

• ~1 week after subsystem input deadline

– Send Draft report to customer team for 

feedback

– Optional meeting with customer team to 

discuss draft report

Week 1 Week 2 Week 3 Week 4 Week 5
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Principles of Team X

• Technical and cost models are 

institutionally endorsed

• Staffing is vetted by the “doing” 

organizations

• Team X is a room full of peers

• Customer team is part of the 

design process

• Make informed design decisions based 

on real-time results

“It’s really great to see a team come together in that collective knowledge.”
- Alfred Nash, Team X Lead Engineer
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Questions?


